Abstract Polylactic acid (PLA)/ Natural rubber (NR) in the presence of PLA grafted Maleic Anhydride (PLAGMA) as compatibilizer was prepared by the melting blend method. In attempt to achieve high performance of the blend, nanocomposites were formed by incorporating different ratio of carbon nanotube (CNT) in PLA/NR/PLAGMA blend. The effect of CNT content on mechanical properties was investigated. With increasing CNT content, Young's modulus and flexural modulus were increased firstly and then decreased as CNT was further added. In other hand, impact strength was dropped as expected as the CNT loading was increased.
Introduction
The extrusion grade of PLA behaves high strength and modulus compared to many petroleum-based plastics. However, inherent brittleness, lack of reactive side-chain groups, and poor processing ability limit the application of PLA [1] . Blending PLA with other polymer is the less expensive and most extensively used methodology to improve mechanical properties of PLA. Natural rubber (NR) seems to be an ideal candidate for toughening PLA. The rubber particles behave as stress concentrators enhancing the fracture energy absorption of brittle polymers and ultimately results in a material with improved toughness [2] . As PLA and NR have difference in the polarity and molecular weight, this may result in the poor compatibility between PLA and NR. Thus, PLA grafted Maleic Anhydride (PLAGMA) was prepared by the melting blend method as compatibilizer in this research.
Even the enhancement of PLA base on impact toughness was significantly achieved; some drawbacks in strength and stiffness possibly could be a resistance towards polymer blend to obtain optimize properties. Therefore, carbon nanotube (CNT) was used in this study to promote further enhance in the mechanical performance of PLA as nanofiller. Polymer-based composites reinforced with carbon fibres have been widely used in advanced structures, and the use of carbon nanotubes as potential composite reinforcements has many advantages over conventional fibres, primarily due to the enhanced mechanical strength of the nanotubes [3] . In this present study, high shear rate and particular screws of extruder was used to enhance the dispersibility of CNTs in polymer matrix to overcome agglomeration of CNT in polymer blend and the nanocomposite was prepared using direct melt blending technique in a counter-rotating twin screw extruder with different loading of CNT (1-8 phr). Tensile, flexural and Izod impact test were conducted to investigate the mechanical performances.
Materials
The PLA was purchased from Shenzhen Esun Industrial Co. Ltd. with melt point of 150˚C. NR was supplied by Malaysian Rubber Board. MA used to prepare NR-g-MA was supplied by MERCK and Benzoyl peroxide (BPO) used as initiator was supplied by Sigma-Aldrich. The CNT used is > 98% non-functionalized.
Synthesis of compatibilizer (PLAGMA)
The preparation of PLA grafted MA was done by using internal mixer at specific processing temperature in the range between 180 -190˚C and rotor speed was set at 8 rpm. PLA pellets were first dried at 60˚C for 24 hours to eliminate moisture. BPO was added as initiator followed by MA and dried PLA into internal mixer. The blended product was then grinded into powder form using a grinder for further analysis.
Preparation of PLA/NR/Compatibilizer/CNT Melt blending of PLA/NR/PLAGMA/CNT was performed in a twin screw extruder at screw speed of 100 rpm polymer blend and 150 rpm for nanocomposite. The temperatures profiles during processing were sets in the range between 160 ˚C and 180 ˚C. The mixture will be prepared with various phrs of CNT (1-8 phr). Followed by pelletizing, compression moulding was carried out with a pressure 100 psi for 15 min at 180˚C. The standard testing mould was used in this process. Virgin PLA/NR blends were also processed though the same extrusion procedure as the control sample.
Experimental section
Mechanical testing Tensile and flexural properties of the blends sample were investigated according to ASTM D412 and ASTM D790 respectively. The crosshead speed for tensile test was at 5mm/min, while the flexural test adopted crosshead speed of 3mm/min with 50 mm support span. Impact strength was conducted using Toyoseiki Izod impact tester on V-notched specimens according to ASTM D256 and at least five specimens were tested for each set of samples.
Result and discussion
The effects of CNT on the tensile strength, Young's modulus and elongation at break of the PLA/NR/PLAGMA/CNT nanocomposites are depicted in Figure 1 . From the result, the tensile strength of the PLA/NR/PLAGMA without CNT showed higher tensile strength, which was 19.25 MPa as compared to PLA/NR/PLAGMA with CNT loading. The tensile strength of nanocomposite degraded to 12.29 MPa after the incorporation of 1 phr of CNT. However, there was a slightly enhancement of tensile strength with the employment of CNTs into the matrix of composites at 4 phr of CNTs and it was gradually dropped after further loading was added. Poor result on tensile strength can be attributing to poor dispersion. The presence of agglomerates acting as defects is responsible for the lack of improvement in the ultimate properties [4] . In fact, one of the biggest challenges is to obtain a homogeneous dispersion of CNTs in a polymer matrix because van der Waals interactions between individual tubes lead to significant aggregation and agglomeration that reduce the expected property improvements. A homogeneous distribution and a good dispersion are essential for mechanical reinforcement of polymers [5] . In the other hand, Young's modulus of nanocomposite showed no significant changes as the function of filler loading but only a minor enhancement at 2 phr of CNT. Subsequently, elongation at break of nanocomposites showed a similar pattern with tensile strength. It was decreased when 1 phr CNT was incorporated with PLA matrix and only a slightly improvement was showed at 4 phr of CNT loading. The incorporation of the filler decreased the elongation at break, making the composites more brittle. Figure 2 showed that the addition of 1 phr CNT into PLA displayed apparent decrements in flexural strength of nanocomposite. The obtained results by the incorporation of CNTs in PLA matrix is remain far below the expected values, and factors such as poor dispersion, weak interfacial bonding, and degradation of the CNTs during processing are often cited to explain the discrepancy between experimental and predicted results [6] . Nevertheless, an improvement was obtained in flexural modulus with the incorporation of CNT loading from 1 phr until 4 phr and it was only a minor dropped to 2.83 GPa at 6 phr of CNT loading indicating that the nanotubes were less effective in reinforcement at higher CNT loadings. As can be seen in Figure 3 , impact strength of PLA/NR/PLAGMA nanocomposite was gradually reduced as the CNT loading was increased. Thus, this result indicated virgin PLA/NR/PLAGMA apparently has better toughness compared with PLA/NR/PLAGMA incorporated with CNT. Addition of CNT fillers increased the brittleness of polymer blend as expected. 
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Conclusion
PLA/NR/PLAGMA/CNT nanocomposites were prepared by the melting blend method. As the result, some improvements in flexural modulus were observed. However, presence of agglomerations causes a poor dispersion of CNT which are responsible on the lack of enhancement in the mechanical properties. Effectiveness of CNT filler only can be observed when 1 phr CNT start to load until the incorporation of 4 phr CNT and further addition of CNT degraded the properties level gradually.
